HIGHLIGHTS
/Pax7
neg Interstitial Cells Enhance Endogenous Repair of Injured Porcine Skeletal Muscle translation (14) . In recent years, skeletal muscle has been shown to harbor other stem/progenitor cells, such as the PW1 pos /Pax7 neg interstitial cells (PICs), which are bipotent, giving rise to new skeletal muscle fibers and vasculature-associated cell types in vitro and in vivo (15, 16) . Unlike the satellite cells, we have
shown that porcine PICs (pPICs) can be successfully isolated and propagated in vitro up to passage 40 (P40) while maintaining a stable phenotype/genotype (16) . Therefore PICs represent an attractive and alternative cell source for regenerative therapies.
The pig represents an excellent biological model for human biomedical preclinical research due to its anatomic, physiological, pathological, and genomic similarities to humans (17) . In terms of porcine skeletal muscle biology, considerable correlation between contractile, metabolic, and morphological features to human skeletal muscle exist (18) (19) (20) St. Louis, Missouri), was filtered and brought to room temperature before injection. The CTX was dispersed in a series of 5 intramuscular injections using a 25-ga needle to deliver a total volume of 500 ml to the predefined area. The contralateral leg served as a sham control (CTRL) and was treated identically; however, no injury was applied in the case of freeze/crush, or phosphate buffered saline (PBS) alone was injected in animals receiving the CTX injury. The injury area was identified through marking with sutures. After injury induction, the superficial skin was sutured; animals
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Allogeneic pPICs Enhance Repair of Injured Muscle were allowed to recover and then sacrificed by anesthetic overdose at either 14 or 21 days post-injury.
In the second phase of the in vivo study, 10 pigs were randomly assigned to receive either saline vehicle (PBS) or allogeneic GFP pos pPICs, 15 min post-CTX injury. GFP pos pPICs were propagated and cryostored between P3 and P12. Before transplantation, GFP pos pPICs were pre-mixed, brought into suspension, centrifuged, washed twice with PBS, and then counted. A total of 20 Â 10 6 GFP pos pPICs were resuspended in 500 ml of PBS and injected intramuscularly into the injured TA through a 25-ga needle (n ¼ 5). Control animals were treated identically;
however, 500 ml of PBS alone was injected (n ¼ 5).
Both treatments were distributed across 5 injection sites to the injury site. The contralateral control leg of each animal served as a sham CTRL and received no injury, only PBS, using the same protocol.
In separate pigs, local delivery of human recombinant insulin-like growth factor (IGF)-1 (8 mg) and hepatocyte growth factor (HGF) (2 mg) (Peprotech, Rocky Hill, New Jersey) was achieved by diluting both growth factors in a total volume of 500 ml of PBS before being dispersed in a series of 5 intramuscular injections using a 25-ga needle to deliver the total volume to the pre-defined injured area (n ¼ 5). In the case of ureido-pyrimidinone (UPy)þIGF-1/HGF treatment, the UPy hydrogelators were synthesized by SyMO-Chem BV (Eindhoven, the Netherlands), as described previously (25) . To prepare the hydrogel, polymer solutions were dissolved at 10% by weight in PBS by stirring at 70 C for 1 h and were subsequently cooled to room temperature. To liquefy the polymer solution, the pH was increased to pH 8.5 by adding 2-ml aliquots of a 0.1 mol/l NaOH stock solution. The hydrogel was then sterilized with ultraviolet light for 1 h, and human recombinant IGF-1 and HGF were added before use, yielding a final concentration of 8 mg and 2 mg, respectively. A total volume of 500 ml of UPy hydrogelþIGF-1/HGF was administered as per the method described in the preceding text (n ¼ 5).
In order to track newly formed cells post-injury, we used the thymidine analogue, 5-bromo-2 0 -deoxyuridine (BrdU). In order to deliver BrdU to the animals over the course of the regeneration period, we used an IV delivery system. This involved making a channel through the pig's neck musculature and feeding an IV line through, which was subsequently connected to the jugular vein. This enabled us to access a cannula situated on the dorsal aspect of the pig's neck, which was directly linked to circulation system. This method allowed daily administration of BrdU at a dose of 10 mg/kg/day without the need to sedate the animals. Animals were sacrificed by anesthetic overdose at 14 days post-injury.
CELL CULTURE. Porcine PICs were isolated and maintained as previously described (16) 
Allogeneic pPICs Enhance Repair of Injured Muscle D E C E M B E R 2 0 1 7 : 7 1 7 -3 6 measured using GoStix (Clontech). The pseudovirus was subsequently used for transduction or stored at À80 C. Target pPICs at P2 were transduced by adding 30 ml/ml pseudovirus in DMEM, 10% FCS containing 12 mg/ml polybrene (Sigma-Aldrich). After 24 h, the medium was changed to DMEM with the addition of serum and antibiotics. The infected target cells were further cultured and analyzed at 24 h posttransduction for GFP expression, using fluorescent microscopy and flow cytometry. Porcine PICs transduced with the GFP reporter gene were propagated for allogeneic transplantation experiments in pPIC GM.
FLOW CYTOMETRY. Flow cytometry was performed as previously described (16) . Immunophenotyping was performed using the following antibodies; PW1 Quantitative reverse transcription polymerase chain reaction (qRT-PCR) was then performed using RT2
SYBR Green (Qiagen) and the RT2 Profiler PCR Array
Allogeneic pPICs Enhance Repair of Injured Muscle (1 mg/ml) every 8 h, fixed in 4% paraformaldehyde after 24 h, and BrdU incorporation was then assessed using the BrdU detection kit (Roche) (n ¼ 3/condition).
In order to investigate the effect of growth factors on pPIC proliferation, wells were serum starved for 6 h and then switched to basal media (control), or supplemented with IGF-1 (100 ng/ml; Peprotech), HGF (100 ng/ml; Peprotech), NRG-1 (100 ng/ml; R&D Systems, Minneapolis, Minnesota), or TGF-b1 (5 ng/ml; Peprotech). Each well was supplemented with BrdU
(1 mg/ml) every 8 h, fixed after 24 h, and BrdU incorporation was assessed using the BrdU detection kit (Roche) (n ¼ 3/growth factor). Nuclei were counterstained with DAPI. Cells were evaluated CYTOTOXICITY ASSAY IN VITRO. Peripheral blood mononuclear cells (PBMCs) were isolated from pig whole blood using density gradient centrifugation with Histopaque (Sigma-Aldrich). Briefly, whole blood was diluted at the ratio of 1:1 with PBS and carefully layered over 6 ml of Histopaque solution.
Tubes were centrifuged at 400 Â g for 30 min at room temperature. PBMCs were then carefully collected from the buffy coat layer, washed twice with PBS, and frozen at À80 C until ready to use. PBMCs were resuscitated and cultured for 3 days in RPMI 1640
GlutaMAX medium (Thermo Fisher Scientific), 10%
FBS, and 1% penicillin-streptomycin (Thermo Fisher Scientific). PBMCs were either maintained in medium
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Taken together, these data suggest that allogeneic pPICs exert their action via a paracrine effect, activating endogenous progenitors before being cleared by the host immune system post-injury.
ALLOGENEIC pPICs EXPRESS AN ARRAY OF PRO-REGENERATIVE PARACRINE
FACTORS. To identify the mechanism through which pPICs were able to promote regeneration in skeletal muscle, we looked to their secretome. Porcine PICs were found to express a range of cytoprotective/proregenerative growth factors and cytokines ( Figure 5A ), similar to that observed for stem/progenitor cells, such as mesenchymal stem cells (29) and satellite cells (30) .
In particular, we noted the greatest relative expression (>10,000) was chemokine (C-C Motif) ligand 2 (CCL2), monocyte chemotactic and activating factor, which is considered to be essential for stimulating muscle repair (31, 32) (Figure 5A ). Table S1 ).
Volcano plot analysis highlighted factors that were significantly (>2-fold) down-or up-regulated in differentiated compared with undifferentiated pPICs ( Figure 5C , Supplemental Table S1 ). Cytokines and growth factors involved in stem cell migration and proliferation, such as HGF (9), were up-regulated in undifferentiated pPICs. Whereas an up-regulation of Abbreviations as in Figure 1 .
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Lewis et al. which supported the transcript data ( Figure 5D ).
These data suggest that both undifferentiated and differentiated pPICs could be used to exert a proregenerative paracrine effect, but differentiated pPICs up-regulate expression of a vaster array of proregenerative factors. inactivated porcine PBMCs at different ratios and analyzed for apoptosis using Annexin V/7-AAD staining and flow cytometry. Early apoptosis of CD45 neg PICs is represented by Annexin V expression, whereas late apoptosis is represented by double-positive Annexin V/7-AAD staining, determined from duplicate wells per group. Data are mean AE SD, *p < 0.0001 versus pPICs only. PBMC ¼ peripheral blood mononuclear cell; other abbreviations as in Figure 1 . Because satellite cells are the main contributor to muscle regeneration (65) , it is likely that the satellite cells became activated early (days 1 to 3) and had returned to normal, quiescent levels once the regeneration process was almost complete at 14 days.
Moreover, the assessment of satellite cell activation is hampered by lack of markers to identify activated satellite cells in the interstitial space (30) . Also, the endogenous PICs might have maintained an activated state for longer due to their role in vascular repair. and total length of capillaries (G), after human umbilical vein endothelial cells were exposed to endothelial GM, CM, UM, and ICM. Data are mean AE SD, *p < 0.05 versus ICM and GM. MHC ¼ myosin heavy chain; other abbreviations as in Figure 1 .
PERSPECTIVES COMPETENCY IN MEDICAL KNOWLEDGE:
Allogeneic PIC transplantation elicits a paracrine effect through secretion of regenerative cytokines and growth factors, which stimulate endogenous progenitor cell activation and differentiation, leading to accelerated and improved myofiber regeneration and microvessel formation. Shortly after they have elicited their paracrine effect, they are removed by the host immune system. This allogeneic cell approach is considered an off-the-shelf, cost-effective, easy-toapply, and readily-available regenerative therapeutic strategy.
TRANSLATIONAL OUTLOOK:
This study provides a proof-of-concept for an allogeneic cell therapy approach, which with further experimental development and refinement may lead to an effective, simple, clinically applicable, and widely available strategy for repair of the heart and other organs. Lewis et al. 
